Objectives The secondary metabolites of the fruits of Firmiana simplex (L.) were analysed by LC-DAD-ESI-MS/MS; furthermore, we evaluated their antioxidant and antigenotoxic properties. Methods The antioxidant activity was investigated using the 2,2 0 -diphenyl-1-picrylhydrazyl radical (DPPH), the 2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS) and the ferric reducing antioxidant power (FRAP) assays. The antigenotoxic potential was determined via the comet assay. Key findings The ethyl acetate fraction (EtOAc) was analysed by LC-DAD-ESI-MS/MS: phenolic acids and flavonoids were the main polyphenols of the fruits. The EtOAc fraction yielded the highest content of polyphenols with 314.61 mg GAE/g extract, followed by 297.51, 153.75, 101.47, 97.19 for dichloromethane, butanol, methanol and water extracts, respectively. As expected, a strong correlation exists between the antioxidant activity of the investigated extracts and their total phenolic content. In the DPPH assay, the IC 50 value of the most active EtOAc fraction was 6.79 lg/ml, relative to 2.92 lg/ml of the standard ascorbic acid. ABTS and FRAP assays supported the results of DPPH assay. Moreover, using the comet assay, we could show that the phenol-rich EtOAc extract exhibits an antigenotoxic potential in human liver cancer cells (Hep-G2) treated with hydrogen peroxide (H 2 O 2 ) as a genotoxic agent. Conclusions The fruits of Firmiana simplex may be a good natural source of antioxidant and antigenotoxic agents.
Introduction
Accumulation of reactive oxygen species (ROS) and reactive nitrogen species (RNS) in the human body can cause oxidative stress, which is associated with several health disorders such as cancer, inflammation, neurodegeneration, and cardiovascular diseases. [1, 2] Firmiana simplex L. (Malvaceae) is a deciduous tree from Asia, widely distributed in China and other areas around the world including southern Europe, Japan, and some regions in USA. [3] [4] [5] Traditionally, all parts of F. simplex have been used to treat various ailments and health conditions. For example, seeds were used to treat diarrhoea and stomach troubles. [6, 7] Additionally, wood fibre and leaves were employed to purify water from malachite green, Cd (II), Zn (II) and Pb (II) ions. [4] [5] [6] [7] [8] [9] The hepatoprotective activity of ethyl acetate extract of F. simplex stem bark and its major constituents namely; quercitrin and tamarixetin 3-O-rhamnopyranoside were also reported. [10] Phytochemical investigation of F. simplex resulted in isolation of phenylpropanoids, flavonoids, lignans, neolignans and coumarins. [11] [12] [13] [14] [15] In addition, three ursane triterpenoidal saponins were isolated from F. simplex stems. [16] Nevertheless, many open questions remained concerning the chemical constituents and biological activity of F. simplex.
Therefore, this work aimed to identify and characterise the polyphenols of F. simplex fruits via LC-DAD-ESI/MS/ MS, to determine their total phenolic content (TPC) and antioxidant activity as well as assess their antigenotoxic potential in human liver cancer cells (Hep-G2).
Materials and Methods

Chemicals and reagents
2,2
0 -diphenyl-1-picrylhydrazyl (DPPH) radical, ascorbic acid, Folin-Ciocalteu reagent, sodium carbonate, normal melting agarose (NMA) and 2,4,6-tripyridyl-s-triazine (TPTZ) were purchased from Sigma-Aldrich (Steinheim, Germany). Hydrochloric acid, ferric chloride, ferrous sulphate heptahydrate (FeSO 4 .7H 2 O), 2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS), potassium persulphate (K 2 S 2 O 8 ) and trolox were obtained from Fluka Chemicals. Dulbecco's Modified Eagle's Medium (DMEM), L-glutamine, non-essential amino acids, penicillin/streptomycin (1009) and sodium pyruvate MEM were purchased from Gibco TM , Invitrogen (Karlsruhe, Germany). Low-melting temperature agarose (LMA) was purchased from FMC â Bioproducts (Rockland, ME, USA). All solvents, standards and reagents used for extraction, fractionation and LC-MS analysis were of analytical grade (e.g. acetonitrile, methanol, petroleum ether, dichloromethane, ethyl acetate and n-butanol) were purchased from Sigma-Aldrich Chemicals (Steinheim, Germany).
Plant material
Fresh fruits of F. simplex L., were collected in June 2014 from the Zoo Garden, Giza, Egypt. The plant was kindly identified by Dr. Tearse Labib, Department of Flora and Taxonomy, El-Orman Botanical Garden, Giza, Egypt. A voucher specimen (No. F4/3/1) is kept in the herbarium of the garden.
Extraction and fractionation
Fresh fruits were washed with distilled water and stored at 4°C after removal of the internal seeds. After that the meat was crushed and extracted with methanol (4 9 2 l) at room temperature. The combined extracts were evaporated under vacuum and then defatted using petroleum ether. The defatted extract was then successively fractionated with different organic solvents in the following sequence: methylene chloride, ethyl acetate and n-butanol ( Figure 1 ).
HPLC-DAD-ESI/MS/MS conditions
Characterisation of the polyphenolic compounds of the EtOAc extract was carried out by HPLC-DAD-ESI/MS/MS: LC system (Thermofinnigan, Thermo electron Corporation, Pasadena, California, USA) combined with an LCQ Duo ion trap mass spectrometer with an ESI source (ThermoQuest, Basingstoke Hants, Hampshire, UK).C18 reversed-phase column (Zorbax Eclipse XDB-C18, Rapid resolution, 4.6 9 150 mm, 3.5 lm; Agilent, Santa Clara, California, USA) served as stationary phase. Acetonitrile (ACN) and water (with 1% formic acid each in the negative mode) in a gradient mixture from 5% to 50% ACN in 50 min with flow rate 1 ml/min were used as a mobile phase. Injection of the samples was performed automatically by autosampler surveyor ThermoQuest. The obtained UV chromatograms using PDA mode were then analysed by Xcalibur software. The mass spectrometer operated in 
Total phenolic content
The TPC of the extracts was quantified using the FolinCiocalteu method adapted to 96 well-plates, as described in the literature. [17] 20 ll of each plant extract, dissolved appropriately in distilled water, was mixed with 100 ll F-C reagent (freshly diluted 1/10 with distilled water). After 5 min incubation at room temperature, 80 ll of 7.5% Na 2 CO 3 solution was added. The incubation stand for 30 min at room temperature in the dark with slightly shaking. Then, the absorbance of the solution was measured at 735 nm in a microplate reader (Biochrom Asys UVM 340) against blank. Gallic acid was used as a standard polyphenol. The results (mean of triplicate analyses) are expressed as gallic acid equivalent (GAE) in mg/g of extract.
Antioxidant assays DPPH radical-scavenging assay DPPH assay was performed according to the method described by Clarke et al. (2013) , with slight modifications. Briefly, 200 ll of plant extract, diluted appropriately in methanol in a concentration range from 0.24 to 500 lg/ml, was mixed with 100 ll of 0.2 mM DPPH in methanol in wells of 96-well plates. The plates were kept in the dark for 15 min, thereafter the absorbance of the solution was measured at 515 nm in a Biochrom Asys UVM 340 Microplate Reader. Appropriate blanks, methanol and standards (ascorbic acid solutions in methanol) were analysed simultaneously. The scavenging activity (in %) was calculated using the following equation:
The IC 50 value is defined as the amount of extract needed to scavenge 50% of DPPH radicals. All analyses were performed in triplicate. [18] Ferric reducing antioxidant power assay
The ferric reducing antioxidant power (FRAP) assay was carried out according to the previously reported procedure, [19] with minor modifications. Each sample was dissolved in methanol to prepare the stock solution (1 mg/ml). Briefly, the working FRAP reagent was prepared freshly by mixing 300 mM acetate buffer (pH 3.6), a solution of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM hydrochloric acid and 20 mM ferric chloride at 10 : 1 : 1 (v/v/v). 20 ll of each extract was mixed with 180 ll FRAP reagent in wells of 96-well plates. The mixture was then incubated for 6 min at 37°C, and the absorbance was measured at 595 nm in a microplate reader (Biochrom Asys UVM 340). Appropriate blanks of plant extract and of FRAP reagent lacking TPTZ (to correct the colours of the extracts) were run, together with quercetin (in methanol), and ferrous sulphate heptahydrate (FeSO 4 .7H 2 O) was used as a standard. FRAP activity was calculated as ferrous equivalents (FE), the concentration of extract/quercetin which produced an absorbance value equal to that of 1 mM FeSO 4 .
ABTS radical-scavenging activity assay
The samples were dissolved in water to prepare the stock solutions (1 mg/ml) from which a radical-scavenging activity was determined by the ABTS + radical cationdecolourization assay, [20] over a concentration range of 0.24-500 lg/ml. The ABTS cation radical was prepared by reacting 7 mM aqueous solution of ABTS (15 ml) with 140 mM potassium persulphate (264 ll). The mixture was allowed to stand in dark at room temperature for 16 h before use. Prior to assay, the ABTS working reagent was diluted with methanol to give an absorbance of 0.70 AE 0.02 at 734 nm and was equilibrated at room temperature. The reaction mixtures in the 96-well plates consisted of sample (50 ll) and the ABTS methanol working solution (100 ll). The mixture was stirred and left to stand for 10 min in dark, then the absorbance was determined at 734 nm against a blank. All determinations were performed in triplicate. The scavenging activity (in %) was calculated as:
where A 0 is the absorbance of the control (without sample), and A 1 is the absorbance in the presence of the sample, A 2 is the absorbance of sample without ABTS working solution. The scavenging activity of the samples was expressed as IC 50 value, which is the effective concentration, at which 50% of ABTS radicals were scavenged. Trolox was used as a standard.
Cells and culture conditions
The human liver cancer cell line (Hep-G2) (DSMZ No. ACC 180) was maintained in DMEM complete medium (Lglutamine, 10% heat-inactivated foetal bovine serum (FBS), and 100 U/ml penicillin, and 100 lg/ml streptomycin); in addition, 1 mM sodium pyruvate and 1% non-essential amino acid were added to the medium. Cells were incubated at 37°C in a humidified atmosphere containing 5% CO 2 . Confluent cells were trypsinized for 5 min. Next, 10 ml complete medium was added and cells were centrifuged at 180g for 5 min, then the medium is replaced by 10 ml of fresh one.
Viability assay
The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was used to characterise the concentrations of FS-EtOAc extract which produced ≥80% viability of the Hep-G2 cells required for the study. The assay is dependent on the cellular reduction in MTT (Sigma Chemical Co., Steinheim, Germany) by the mitochondrial dehydrogenase of viable cells to a blue formazan product which can be measured spectrophotometrically. [21] Briefly, cells were seeded in 96-well plates with a density of 2 9 10 4 cells/well. The cells were treated with various concentrations of FS-EtOAc extract (up to 500 lg/ml) for 24 h. Then, 100 ll of 0.5 mg/ml MTT was added to each well and incubated for 4 h at 37°C and 5% CO 2 . The formed formazan crystals were dissolved in DMSO. Absorbance was determined at 570 nm using Tecan Safire II TM (Crailsheim, Germany).
Comet assay (single-cell gel electrophoresis)
The comet assay under alkaline conditions has been executed according to the original protocol, [22] with some modifications. [23] [24] [25] Preparation of the comet slides Fully frosted glass slides were degreased in 99% ethanol. 1% and 0.5% (w/v) NMA solution were dissolved at 300°C in phosphate buffer saline (PBS) and kept liquid at 90°C. The slides were covered with 1% NMA, which was scraped off after hardening. The slides were then dried for 5 min at 37°C. 200 ll NMA 0.5% was dispersed on the slides before they were hardened for 3 min on ice and dried for 10 min at 37°C.
DNA effects (antigenotoxicity)
Cell treatment. HepG-2 cells (5 9 10 4 cells/ml) were seeded in 50 cm 2 flasks and left to attach for 24 h at 37°C and 5% CO 2 . Subsequently, the medium was removed, cells were washed with PBS and 5 ml of growth medium containing the samples or control substances were added. Treatments were performed in triplicates at different concentrations, which showed ≥80% viability based on the findings of the viability assay. As a positive control, cells were exposed to 100 lM hydrogen peroxide for 1 h as a genotoxic agent. [26] Pretreatment. Different concentrations of FS-EtOAc extract (12.5, 25 and 50 lg/ml), were incubated with the Hep-G2 cells for 24 h, the cells were then washed by PBS followed by the addition of hydrogen peroxide (100 lM
After the intended incubation time, each treatment was terminated by removal of the medium and rinsing with PBS. Cells were harvested by trypsinization and centrifugation at 200g and 4°C, after which the pellet was resuspended in fresh medium. The cells were washed in PBS and spun down again as described. The pellet was resuspended in 100 ll PBS and 100 ll of a 0.75 % low-melting agarose (LMA) were added. After mixing, 100 ll of the suspension was rapidly transferred to the prepared slides and distributed consistently by placement of a cover slip on top of it. After solidification, a second layer of 0.75% LMA solution was added onto each slide and distributed as described. Slides were subjected to alkaline lysis in aqueous buffer containing 1% (v/v) Triton X-100, 10% (v/v) DMSO, 100 mM EDTA, 2.5 M sodium chloride and 240 mM sodium hydroxide. Cells were lysed overnight, [27] and subsequently subjected to ice-cold electrophoresis buffer (300 mM sodium hydroxide, 1.27 mM EDTA). After an incubation time of 20 min, electrophoresis was performed at 0.78 V/cm for 20 min; slides were neutralised for 10 min in 400 mM Tris (pH 7.5) and stored at 4°C until analysis. Slides were stained with 60 ll of ethidium bromide (20 lg/ ml) and microscopically analysed with a fluorescence microscope equipped with a 546/12 nm excitation and 590 nm long-pass filter, a greyscale camera and Komet 5.5 image analysis software (Kinetic Images). 200 cells per slide were measured, and data of triplicates were pooled.
Statistical analysis
Measurements were carried out three times unless mentioned otherwise in the procedure. Continuous variables were presented as mean AE SD. The IC 50 values were determined as the drug concentration that resulted in a 50% reduction in cell viability or inhibition of the biological activity. IC 50 values were calculated using a four-parameter logistic curve (SigmaPlot â 11.0). For the comet assay significance testing, an ANOVA on ranks analysis (Dunn's test) was performed for each individual sample vs the positive control. Positive and negative controls were compared by a Wilcoxon-Mann-Whitney test. P value < 0.05 was considered for statistical significance.
Results and Discussion
Identification of phenolic phytochemicals by HPLC-DAD-ESI-MS/MS
HPLC-DAD-ESI-MS/MS (negative mode) was used to identify the polyphenolic constituents in the ethyl acetate extract of F. simplex fruits. Nineteen compounds, representing different polyphenolic classes, include benzoic acid derivatives, cinnamic acid derivatives, flavonol glycosides, flavan-3-ols, and coumarin glycoside esters, which were tentatively identified based on their retention time, fragmentation pattern, and via comparison of MS spectra with the reported data. Data are documented in Table 1 , and the HPLC-DAD-ESI-MS/MS profile is shown in Figure 2 . (1) as previously described. [28] with of 44 mass units) was identified as gallic acid (2). [29] A peak with a pseudomolecular ion (R t = 6.13) at m/z 183 and MS n ions at m/z 169, and 125) was tentatively identified as methylgallate (3). [30] Also, a peak at (R t = 6.27) with a protonated molecule with a [M-H] À at m/z 337, producing daughter ion at m/z
Benzoic and cinnamic acid derivatives
[M-H-146]
À due to the loss of 146 mass units equivalent to releasing of a coumaroyl moiety, was identified as 5-O-p-coumaroylquinic acid (4). [31] Similarly, a peak at R t = 6.74 showed a [M-H] À ion at m/z 367 and MS n ions at m/z 191 equivalent to quinic acid moiety, and another fragment at m/z 173 due to loss of H 2 O molecule, was identified as 4-O-feruloylquinic acid (5). [32] Peak at a retention time R t = 31.08 min exhibited a [M-H] À ion at m/z 415, a characteristic fragment ion at m/z 165 due to the presence of a deprotonated dihydrop-coumaric acid ion; thus, compound (20) was tentatively identified as dihydro-p-coumaric acid derivative.
Flavonoids
Two peaks were detected at a retention times R t = 11.81, and 13.04; they exhibited a [M-H] À at m/z 305, other fragments 261, 221, 183, and 179. Thus, on the basis of fragmentation pattern and available data in the literature, they were tentatively identified as (-)-(epi)gallocatechin isomers (9) and (10) . [33, 34] A peak at a retention time À ion at m/z 329, and was identified as tricin as previously described (17) . [36, 37] Other detected compounds
Several ions showed [M-H]
À at m/z 351 and a molecular ion peak at 145 was tentatively assigned to coumarin glycoside esters (11), (12) 
60]
À due to the loss of methyl group and two methoxy groups, respectively. [38] Antioxidant activity and total phenolic contents
To get a reliable profile for the antiradical potential, the antioxidant activity was measured via more than one method (FRAP, DPPH radical, and ABTS). In DPPH assay, the IC 50 values for the tested fractions ranged from 6.79 to 95.21 lg/ ml compared to ascorbic acid with IC 50 equal to 2.92 lg/ml. The results are in the order: EtOAc ˃ CH 2 Cl 2 ˃ n- Table 2 . Similar results had been reported for the EtOAc fraction of F. simplex stem bark, and this was attributed to its major constituent quercetin as natural antioxidant. [10] Furthermore, all tested fractions showed similar antioxidant activity using ABTS assay with IC 50 values arranged in the following order: EtOAc (2.11) ˃ CH 2 Cl 2 (3.93) ˃ nBuOH (6.38) ˃ MeOH (6.68) ˃ H 2 O (13.27) ˃ Pet. ether fraction (40.84) (lg/ml) compared to Trolox (IC 50 = 1.63 lg/ml), data are documented in Table 2 . In conclusion, the results of the three methods agree with each other and the high antioxidant activity of the EtOAc, CH 2 Cl 2 and n-BuOH fractions may be due to the high phenolic content in such fractions (314.61, 297.51 and 153.75 mg GAE/g extract respectively) ( Table 2) .
Viability assay
The subapoptotic concentrations of the FS-EtOAc fraction with highest polyphenol content were determined using MTT assay. The FS-EtOAc fraction showed inhibition of 20% (Figure 3 ) at a concentration of 142 lg/ml (IC 20 = 142 lg/ml) and this was considered as a safe concentration and was used to assess the antigenotoxic potential of FS-EtOAc fraction in the comet assay.
Antigenotoxic potential
Hydrogen peroxide exerts its genotoxic potential via the induction of ROS which have a strong DNA-damaging effects. [39] ROS can cause point mutations (e.g. forming 8-oxoguanine) and also DNA strand breaks. ROS attack the DNA backbone at its sugar moieties causing single-strand breaks and sever lesions of the DNA molecule. [26] Therefore, it is assumed that if a given compound has the ability to capture the released ROS, it diminishes their DNA-damaging effects. Human Hep-G2 cells can be handled easily and due to their contents of activation enzymes for many xenobiotics, they are frequently used to assess genotoxicity and antigenotoxicity. [40] [41] [42] Comet assay can be used properly to evaluate the antigenotoxic potential of any given substance which is directly correlated with the antioxidant capacity of the investigated compound. [39, 43, 44] (Figure 4b , 5B). In all kinds of treatment, a significant inhibition (P ˂ 0.05) of the DNA-damaging effects of H 2 O 2 was detected for the tested concentrations (12.5, 25 and 50 lg/ml) relative to the positive control (PC). The antigenotoxic potential was a function of the concentration that was obvious from the low degree of DNA damage remarked for the tested concentration 50 lg/ml. OTM was normalised to the negative control (100% inhibition) and positive control (0% inhibition 
Conclusion
In this work, 19 phenolic compounds in the ethyl acetate extract of F. simplex fruits were tentatively identified using HPLC-DAD-ESI-MS/MS technique. The identified compounds contained phenolic acid derivatives and flavonoids. Moreover, the ethyl acetate extract was the most potent antioxidant extract among all tested extracts; this high activity was reflected by a high antigenotoxic potential. Furthermore, the current finding is a first report on the assessment of the antigenotoxic activity of F. simplex fruits in Hep-G2 cells treated with hydrogen peroxide (H 2 O 2 ) as a genotoxic agent. In conclusion, F. simplex fruits are considered a promising source of naturally occurring antioxidant agents.
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